Summary.
A Investigation of the thyroid glands in mammals shows that there are C (parafollicular) cells which synthesize and secrete calcitonin, a polypeptide hormone with serum calcium-lowering properties. Calcitonin, together with parathyroid hormone, plays an important role in the homeostasis of serum calcium value. Furthermore, the presence of somatostatin immunoreactivity in C cells has been established ( VAN NooRDEN et al., 1977; YAMADA et al., 1977) , although the concentration of somatostatin in the cells varies from species to species . In guinea pig thyroids, C cells grouped in large cell clusters are abundantly distributed.
Normal guinea pig C cells exhibit intensive immunoreaction for somatostatin in addition to calcitonin . This report describes a guinea pig showing spontaneous abnormalities of calcitonin and somatostatin syntheses; in C cells of this guinea pig, secretory granules immunoreactive to both calcitonin and somatostatin were almost completely absent.
MATERIALS AND METHODS
During investigation of thyroid C cells by the use of an immunoperoxidase method with anti-calcitonin and anti-somatostatin antisera, we accidentally found a guinea pig lacking secretory granules immunoreactive to calcitonin and somatostatin.
The body weight and appearance of the guinea pig did not differ from those of normal guinea pigs. It was a young adult, about 3 months old. Normal guinea pigs of about the same age were also used.
The thyroid glands were fixed in Bouin's solution for 24 hrs. After dehydration, the specimens were embedded in paraffin and cut in 5 um thick serial sections. Some sections were stained with hematoxylin-eosin and periodic acid-Schiff (PAS) reaction. For immunocytochemical staining, the unlabeled antibody-enzyme bridge technique was used as previously described (KAMEDA and IKEDA, 1978) . Anti-synthetic human calcitonin and anti-synthetic somatostatin antisera were employed. The preparation of each antiserum has been described previously (KAMEDA, 1981; KAMEDA et al., 1982) . Anti-calcitonin and anti-somatostatin antisera were used at dilutions of 1:400 and 1:200, respectively.
Control reactions included replacing the primary antiserum with normal (nonimmune) rabbit serum and absorbing the primary antisera with the excess of respective antigens.
RESULTS
In normal guinea pig thyroid glands, C cells immunoreactive to the calcitonin antiserum are abundantly distributed, especially around the region of parathyroid IV (Fig.  1 ). The C cells are oval or round and generally grouped in large clusters.
They are located interfollicularly or in the basal portion of follicular epithelium. Almost all of the calcitonin-positive cells are intensively immunoreactive to the somatostatin antiserum (Fig. 2) . That is, in normal guinea pigs, C cells are filled with immunoreactivities for both calcitonin and somatostatin. A guinea pig that exhibiting an abnormality in the syntheses of both calcitonin and somatostatin was found. In most C cells of the animal, the almost complete absence of secretory granules immunoreactive to the calcitonin and somatostatin antisera was recognized (Fig. 3, 4) . In some C cells, however, there were vesicles of various sizes which showed positive immunoreactions for calcitonin and somatostatin (Fig. 5,  6 ). A few C cells revealed irregular nuclear envelopes which displayed faint immunoreactions for calcitonin and somatostatin (Fig. 6 ). Several C cells underwent a hyaline degeneration, showing an enlarged and eosinophil cytoplasm (Fig. 7) . The cell population and distribution pattern of C cells in the thyroid lobe were not different from those of normal controls. Follicular cells were not affected at all (Fig. 7) . Parathyroid glands represented slight degenerative changes; somewhat pyknotic nuclei and the disappearance of the cord-like arrangement of parathyroid cells were observed (Fig. 8) .
DISCUSSION
The C cells of all animal species are characterized by a high concentration of immunoreactive calcitonin (BLAHSER, 1978; KAMEDA et al., 1982) . The concentration of immunoreactive somatostatin in C cells, however, differs from species to species . In guinea pigs and rabbits, most of calcitonin-positive cells are also somatostatinpositive, whereas in many animal species including rats, dogs, pigs, cows, goats, cats, monkeys, mice and hamsters, only a few C cells show an immunoreaction for somatostatin. Calcitonin is a significant hormone for homeostasis of serum calcium value, whereas the functional significance of somatostatin in C cells is still not known. This study is the first to report on a spontaneous abnormality in the production of calcitonin and somatostatin in thyroid C cells in the guinea pig. There was an almost complete absence of secretory granules immunoreactive to calcitonin and somatostatin. Except for a hyaline degeneration observed in some C cells, however, this metabolic disorder was not accompanied by any detectable morphological changes in the C cells; a normal C cell population and distribution pattern were retained.
There were no detectable alterations in the follicular cells. On the other hand , parathyroid glands revealed slight degenerative changes. This may reflect the decrease or lack of secretion of the parathyroid hormone, as the absence of calcitonin secretion from C cells must result in hypercalcemia.
In fact, after hypercalcemia induced by administration of CaC12 and vitamin D3, parathyroid glands reveal such degenerative changes (KAMEDA, 1970) . It is of considerable interest that a peptide hormone, calcitonin , with so important a function, can be virtually absent and yet result in only minor clinical abnormalities.
It is probable that the present guinea pig showing no calcitonin-somatostatin symptom was caused by mutant genes. Calcitonin and somatostatin have an intimate relation in thyroid C cells. In all animal species thus studied, somatostatin has been present in the same cells that contain calcitonin ( VAN NoORDEN et al., 1977; KAMEDA et al., 1982) . Furthermore, it was observed by immunoelectron microscopy using the protein A-gold method that calcitonin and somatostatin are packaged together in the same granules in guinea pig C cells (KAMEDA et al., in preparation) .
In guinea pig C cells, the increase of the concentration of somatostatin coincides with the increase of calcitonin during the ontogeny of thyroid glands (KAMEDA et al., 1984) . Recent studies using recombinant DNA techniques have reported that multiple mRNAs are generated from the calcitonin gene as a consequence of alternative RNA processing events and that these events ultimately produce different protein products RosENFELD et al., 1982) . Although the biochemical relationship between calcitonin and somatostatin is still unclear, a strong case can be built from the present findings that the productions of calcitonin and somatostatin in C cells are regulated by closely related genes. After chronic administration of antithyroid drugs, dog thyroid C cells exhibit a marked decrease in secretory granules (KAMEDA,1974) . Furthermore, vesicular inclusions of various sizes and dilated nuclear envelopes, which show a positive immunoreaction for calcitonin, are observed in the C cells (KAMEDA, 1982) . In dog thyroid glands, only a very few C cells exhibit the immunoreaction for somatostatin and, therefore, an alteration of immunoreactive somatostatin could not be investigated after treatment of antithyroid drugs. These reaction patterns of dog C cells to antithyroid drugs resemble the spontaneous abnormality observed in the present guinea pig C cells. The establishment of a guinea pig strain showing no calcitonin-somatostatin syndrome might be possible after chronic administration of antithyroid drugs.
